OBJECTIVE: To evaluate whether breast feeding is associated with prevalent overweight in pre-adolescent children. METHODS: Cross-sectional studies of 9 to 10-y-old children attending fourth grade in 1995=1996 in Dresden (n ¼ 1046) and Munich (n ¼ 1062), Germany, according to the International Study of Asthma and Allergies in Childhood (ISAAC) Phase II protocol. A comprehensive questionnaire including detailed breast feeding history was filled out by the child's parent. Height and weight were measured in a random subsample of children undergoing spirometry. Overweight was defined as body mass index 90th age-and sex-specific percentile of the German reference. RESULTS: While the prevalence of overweight differed substantially between Dresden (girls 9.1%, boys 12.5%) and Munich (17% both), we observed a markedly lower overweight prevalence among breast fed than non-breast fed children in both cities. Controlling for age, sex and city, breast-fed children were substantially less likely to be overweight at 9 -10 y (OR 0.55, 95% CI 0.41 -0.74). Results were slightly attenuated after adjustment for nationality, socio-economic status, number of siblings, parental smoking (OR 0.66, 95% CI 0.52 -0.87). A longer overall duration and duration of exclusive breast feeding was associated significantly with decreasing prevalence of overweight. CONCLUSION: The results highlight the importance and possible preventive potential of early nutrition in the development of overweight in children. Both feeding behaviors acquired by the nursing infant and metabolic effects may contribute to the observed inverse association of breast feeding and overweight in children.
Introduction
Among the many potential determinants of overweight and obesity, factors such as diet and physical activity have figured prominently under the current paradigm of overweight as a condition of energy imbalance. Very few studies, however, have been able to demonstrate a significant excess energy intake in obese individuals, a phenomenon interpreted as underreporting or an interaction with the environment. 1, 2 While research on genetic determinants of obesity in humans holds some promise, the rapidity of the worldwide growing epidemic of obesity in both adults and children points toward non-genetic causes or interaction of genetic disposition and environment. Barker et al 3 have proposed a new etiologic model for chronic diseases -the fetal programming hypothesis -which postulates that an insult or stimulus occurring during critical periods of development in utero or in early infancy may have lifelong effects on health.
Several recent studies have emphasized the importance of early life factors on the development of the insulin resistance syndrome. 4 -6 Low birth weight and ponderal index have been associated with childhood, adolescent and adult obesity. 7, 8 Infant nutrition, specifically breast feeding, seems to be associated both with a lower incidence of type 2 diabetes in young adults 9 and of overweight and obesity in pre-school children and adolescents. 10, 11 The purpose of our study was to examine the relation of early life factors, with a particular emphasis on breast feeding and duration of breast feeding in infancy, with prevalent overweight in pre-adolescent children aged 9 -10 y in a community-based survey of fourth graders.
Methods

Study design and conduct
As part of the International Study of Asthma and Allergies in Childhood (ISAAC), two surveys were conducted between September 1995 and December 1996, one in the city of Dresden, state of Saxony in the south of former East Germany, and one in Munich, state of Bavaria in the south of former West Germany. 12 Since the main purpose of ISAAC was to study the prevalence and determinants of asthma and allergies in children in united Germany, our analyses focusing on overweight are clearly ancillary. Community-based random samples of children attending fourth grade were studied using the schools as sampling units.
A parental questionnaire was distributed through the schools, self-administered by the parents and returned to study personnel via the children. Questions covered a wide range of topics related to respiratory and atopic disorders in the child and included infant nutrition such as breast feeding, current dietary habits, birth weight in categories, preterm birth, twin status and more. Parents were asked to give informed consent separately for a series of physical examinations of their children conducted by a pediatrician-led team at the respective schools during school hours. A random subsample of children was invited to a lung function test. 12 Anthropometry including measurement of height and weight was conducted in preparation for spirometry. Children were asked to remove shoes and heavy overcoats. Height was measured to the nearest 0.5 cm and weight to the nearest 0.1 kg on a stadiometer and balance beam scale.
Of 3668 children invited in Dresden and 3830 children invited in Munich, n ¼ 3045 (83%) and n ¼ 3354 (87.6%) participated in the questionnaire part of the study. Of the randomly selected 1999 Dresden and 2019 Munich children who were invited to the lung function test and who therefore had anthropometric measurements taken, 62.8% participated in Dresden and 66.0% in Munich. Thus our initial analysis population includes 1256 children in Dresden with complete anthropometric measurements and questionnaire data and 1333 children in Munich. One child with an implausible weight measurement was excluded from analysis. We furthermore limited our analyses to children who were 9 to 10-y-old and excluded those with incomplete information on breast feeding and relevant confounders resulting in a total of 1046 children in Dresden and 1062 in Munich. Ascertainment and reproducibility of breast feeding information Information on infant nutrition was ascertained with three questions on breast feeding behavior. The first question simply asked whether the child was ever breast fed (yes=no). If answered positively, the next two questions queried the duration of breast feeding (less than 6 months=6 -12 months=longer than 1 y) and the duration of exclusive breast feeding (less than 2 months=2 -4 months=5 -6 months=longer than 6 months). Exclusive breast feeding was worded to exclude formula, solid foods and specifically juice.
Among 118 parents in Dresden and 168 parents in Munich, a reliability study assessed the reproducibility of all questionnaire items. Questionnaires were distributed between 3 and 6 months after the initial survey. Kappa statistics (k) were used to assess the reproducibility of the breast feeding questions. 13 Recall of breast feeding information was highly reliable in Dresden (k ¼ 0.69) and Munich (k ¼ 0.84), as was information on breast feeding duration (Dresden k ¼ 0.84; Munich k ¼ 0.75), while duration of exclusive breast feeding was moderate in recall accuracy (Dresden k ¼ 0.57; Munich k ¼ 0.48).
Definition of overweight
Body mass index (BMI) was calculated as weight=height 2 (kg=m 2 ). Overweight was defined using the 90th age and sex-specific percentile of the German BMI-for-age reference values.
14 Thus, 9-y-old boys with a BMI greater or equal to 20.18823 kg=m 2 and girls with a BMI greater or equal to 20.42049 kg=m 2 were classified as overweight. Similarly, 10-y-old boys with a BMI greater or equal to 21.01976 kg=m 2 and girls with a BMI greater or equal to 21.19914 kg=m 2 were classified as overweight. These cut-off points correspond to the 90th percentile at the age of 9.5 and 10.5 y, respectively, since for epidemiologic use of age groups of one year width we used the mid-year value, ie 9.5 for the 9.0 -10.0 age group (to get an unbiased estimate of prevalence). The results were basically identical to those obtained when applying the 90th percentile cut-offs generated from our own study population.
Statistical analysis
We present means, standard deviations and prevalence of the children's characteristics. All analyses were conducted stratified by gender and city first, and results presented in summary only after ruling out major differences. Multivariate logistic regression was used to model the association between breast feeding and prevalent overweight and derive prevalence odds ratios and confidence intervals (CI). All variables on breast feeding duration were included as design variables in the models, with the not-breast fed category serving as reference. One exception is the analysis limited to all breast fed children, where the shortest duration served as the reference group. Confounders considered included German nationality, socioeconomic status, environmental tobacco smoke, dietary habits, birth order, birth weight, preterm birth, and mother's and father's age at birth. Variables retained in the final multivariate model had to be Breast feeding and childhood overweight AD Liese et al statistically significant at the 0.05 level. All analyses were conducted using SAS version 6.12. Table 1 are the demographic, socio-economic and anthropometric characteristics of children in Dresden and Munich, stratified by gender, and for the total study population combined. Differences tended to be greater between the two cities than between gender groups. Whereas in Dresden almost all children were of German nationality, approximately 14% of Munich children were not German nationals. The average age at birth of Dresden parents tended to be substantially lower than that of Munich parents. Children in Dresden tended to have more older siblings and fewer younger siblings. We observed no differences in the prevalence of low birth weight or preterm births. The proportion of questionnaires completed by the child's mother was also similar (Dresden, 96%; Munich, 94%).
Results
Shown in
At 9 -10 y of age, children in Dresden were lighter and taller than their Munich peers. Consequently, the prevalence of overweight was markedly lower in Dresden (girls, 9.1%; boys, 12.5%) than in Munich (17% for girls and boys) using the 90th percentile of the German BMI-for-age reference values as cut-offs.
For breast feeding history, a slightly larger proportion of children had been breast fed as infants in Dresden (86.6%) than in Munich (79.8%), as shown in Table 2 . In turn, both the overall duration of breast feeding and the duration of exclusive breast feeding were shifted toward a shorter time period in Dresden than in Munich. For example, in Dresden 59.1% of the children were breast fed less than 6 months compared to 43.0% in Munich. Correspondingly, only 12% of children in Dresden were breast fed exclusively for 5 or more months compared to 21.5% in Munich.
The prevalence of overweight was substantially higher in children who had never been breast fed (Dresden, 16.4%; Munich, 24.3%) than those who had been breast fed (Dresden, 9.9%, Munich, 15.2%). With an increasing duration of (exclusive) breast feeding the prevalence of overweight decreased ( Figure 1 ). This trend was consistently seen in both gender groups in Munich and slightly less consistently in Dresden.
Children who had ever been breast fed in both Dresden and Munich had about half the odds of being overweight compared to those never breast fed (OR 0.55, 95% CI 0.41 -0.74) adjusting for age, sex and city (Table 3) . With an increasing duration of breast feeding, a dose -response-like relation to the odds of overweight was observed (Wald test for trend in total model 1, P-value < 0.0013). A very similar trend (P-value < 0.0037) was observed for exclusive breast Someone is currently smoking in the home of the child or was smoking at some point during the lifetime of the child. Breast feeding and childhood overweight AD Liese et al feeding.
No interactions between breast feeding or any of the other variables considered (see below) were observed. Additional adjustment for nationality, socioeconomic status, environmental tobacco smoke tended to decrease the strength of the associations only slightly (Table 3 , last column). Additional confounders considered, such as current dietary habits, birth order, birth weight, preterm birth or mother's or father's age at birth, did not influence the results (even though they were in part associated with the outcome) and were therefore omitted from the final analyses presented here.
Restricting the analyses to 1754 breast fed children (data not shown) demonstrated a positive effect of the duration of overall and of exclusive breast feeding. Compared to children breast fed less than 6 months, children who were breast fed for 6 -12 months (OR 0.74, 95% CI 0.54 -1.02) and children breast fed for more than 1 y (OR 0.41, 95% CI Figure 1 Prevalence of overweight by duration of exclusive breast feeding in 9 to 10-y-old children in Dresden and Munich. The ISAAC study 1995=1996. 
Discussion
A limited number of studies have evaluated the relation of infant feeding and overweight and obesity, with markedly varying results. With few exceptions, the studies finding no association had comparatively smaller sample sizes, were frequently not population based and restricted to young age groups ranging from 6 month-old infants to 8-yolds. 15 -22 To our knowledge, only one study has shown an increased duration of breast feeding to be a risk factor for increased weight in a study of less than 100 children. 23 In contrast, our study conducted in more than 2000 school children aged 9 -10 y revealed a strong and consistent inverse association consistent with other studies 10, 11, 24 based on larger samples. Kramer 10 described a strong protective association of breast feeding with obesity in two samples (clinic and schools) of more than 600 adolescents 12 to 18-yold. Similarly, von Kries et al 11 recently reported a 20% reduction in odds of being overweight associated with breast feeding in a population based survey of more than 9000 5 to 6-y-old children. Our findings in 9 to 10-y-old school children are of a similar order of magnitude and provide insight into the pre-adolescent age group which previously has not been studied and is particularly relevant to obesity in adulthood. 25 The relation of the duration of breast feeding and overweight found in our study follows a marked dose -responselike pattern, the lowest likelihood of overweight being found with the longest duration of exclusive breast feeding (5 or more months OR 0.51, 95% CI 0.33 -0.80) consistent with previous findings. 10, 11 We attempted to adjust for the most relevant confounders including socio-economic status and current dietary habits. It is important to consider, however, that in all comparisons of breast fed to non-breast fed children residual confounding may play a role, ie mothers who chose not to breast feed may differ from those who breast feed in ways not ascertained by the study. For example, it is well established that breast feeding is positively correlated with social class and a lower socio-economic status is associated with a higher prevalence of obesity. 2 Therefore, our results based on the subgroup of breast fed children showing a continued positive effect of a longer duration of (exclusive) breast feeding adds credibility to our findings.
Both behavioral and metabolic explanations for the observed association of breast feeding and obesity have been proposed. Breast milk composition changes during feeding and provides satiety signals for the infant to stop suckling. 26 In bottle-fed infants, the amount consumed is regulated mainly via volume, which may result in overfeeding. Furthermore, breast fed infants may acquire more control over their feeding behavior than bottle-fed children. Bottle-fed infants exhibit significantly higher plasma insulin levels and a prolonged insulin response. 27 This in turn may stimulate cell glucose uptake and inhibit lipolysis, thus contributing to differences in deposition of subcutaneous adipose tissue. 28 Odeley et al 29 have shown that fasting insulin is positively associated with increased weight gain, relative weight increase and change in triceps skinfold in a cohort of 5 to 9-y-old Pima Indian children followed over 9 y, a finding since confirmed in young adults age 18 -30 y. 30 The weight and fat gain stimulating effects of insulin in young populations could therefore underlie the observed association of breast feeding and overweight. This mechanism may also explain the markedly reduced risk of incident diabetes observed in a longitudinal study in Pima Indians, aged 10 -30 y. 9 The effects of breast feeding on insulin metabolism may even extend into adulthood. Ravelli et al 31 have recently shown that individuals aged 48 -53 y who were exclusively breast fed during the first 10 days of life had significantly lower fasting insulin and glucose and post-challenge plasma glucose levels than those bottle fed. They also exhibited a higher BMI, waist circumference and waist-to-hip ratio, which, however, did not meet statistical significance.
Our study shows a strong, protective effect of breast feeding on the prevalence of overweight in children in Dresden and Munich. These two populations of 9 to 10-yold pre-adolescents were born between 1985 and 1987 and thus lived the first 3 -5 y of their lives in very different social and political environments. As our study shows, parents in Dresden were on average 3 -4 y younger than in Munich. The proportion of ever breast fed children in Dresden was significantly higher (86.6 vs 79.8%) than in Munich, while the duration of breast feeding was somewhat shorter in Dresden than in Munich. Given these differences it is interesting that the magnitude of the effect of any breast feeding on overweight was almost identical in the two cities.
The prevalence of overweight, however, differed substantially between Dresden and Germany. Pre-adolescent girls had an 8% and boys a 4% lower prevalence of overweight than their Munich peers in 1995=1996. Recent data show that the prevalence of overweight has been increasing markedly among children in Germany and worldwide. 32, 33 The main limitation of our study is the fact that we did not have information on parental history of obesity or the parents' weight and height. Parental history of obesity is one of the strongest known risk factors for obesity in the offspring, more than doubling the risk. 25 Breast feeding among obese women may pose a particular burden 34 as maternal obesity has been associated with a decreased likelihood of successful breast feeding initiation and higher discontinuation rates. 35 Thus, maternal obesity could act as a potential confounder. Kramer, 10 however, has shown that the strong inverse relation between breast feeding and overweight= obesity was observed consistently in adolescents both with Breast feeding and childhood overweight AD Liese et al and without a parental history of obesity. Of note, none of those studies 15, 20, 21 reporting a lack of association between breast feeding and overweight to date reached this conclusion based on adjustment for parental weight or obesity.
Our study relied on retrospective recall of infant feeding practice, which poses a further limitation. Several studies have documented the high degree of validity and reliability of recalled breast feeding and birth weight. 9, 10, 36, 37 Our own substudy further supports the reliability of this information as the kappa-coefficients were on average in the very high range (0.7 -0.8) even though the time period of recall was 9 -10 y in the past and thus substantially longer than that of most published studies.
In the past decade, evidence has been accumulating that early life influences may also have lifelong effects on health and are interrelated and interdependent. Birth weight and thinness at birth have been associated with the development of overweight and obesity, insulin resistance and other metabolic conditions at various ages. 3 -6 However, birth weight and breast feeding are highly interdependent, as infants born at very low weight (and occasionally their mothers) may require intensive medical care, which reduces the likelihood of successful breast feeding. The small number of low birth weight children precluded further exploration of this question in our population. Rather than ascribing observed associations with early life factors to a programming effect as conceptualized by Barker et al 3 it is our belief that risk factors may add incrementally to a 'chain of risk' and be modified by factors occurring at a later stage. 38 Thus our results of a strong protective inverse association of breast feeding fits well into the broader concept of a life course approach to overweight and obesity since it incorporates the potential for an early critical period in an infant's metabolism but also allows for a cumulative effect over time. Given the overall high rate of breast feeding in our study populations of about 83%, the preventive potential left is limited. Nonetheless, it appears to be worthwhile to consider counseling women to breast feed and provide adequate support, including for a longer duration of breast feeding.
